Introduction Methods
Occupational exposure to grain dust has long been known to produce respiratory symptoms. visited by the interviewer and all employees working on the farm were invited to attend for interview. One hundred and fifteen farmworkers were available for interview, and 101 (88%) agreed to participate. Of the 14 subjects who refused, eight said they had no occupational exposure to grain, two were away at the time of the survey, and four gave no reason. All subjects who agreed to participate reported current or recent grain exposure within the last year. There was no further information concerning the farms that refused to participate.
The workforce employed on each farm ranged from three to 11. All farms had grain storage facilities, which ranged from sheds capable of storing several hundred tonnes of grain to a few circular bins storing about 40-50 tonnes each. Some farms had facilities for drying grain. 698 variable. Grain was usually harvested between early June and late August and left in store until it was taken to the market, which could be at any time over the next 10 months. Maximal grain exposure occurred when grain was being loaded from the store into lorries, usually with a mechanical hopper, or when it was being passed through a dryer. Only eight farms provided respiratory protection; some farmworkers wore simple face masks when dust concentrations were perceived as being high, and two farms issued Airstream helmets to their workers. Only seven workers used respiratory protection regularly.
Informed, written consent was obtained from all participating subjects.
QUESTIONNAIRE
A questionnaire designed for use with a microcomputer was administered verbally to all subjects on site at the farms. The results were recorded by one interviewer and transferred to storage disc. The questionnaire consisted of 122 questions relating to attacks ofcoughing, wheeze, or breathlessness; attacks of sneezing, nasal blockage, or rhinorrhoea; and the relation of these symptoms to potential precipitating factors, such as occupational exposure, exposure to domestic dust, and grass pollen. An occupational history, including details of exposure to grain dust, was also recorded. Subjects were regarded as having current respiratory symptoms if they reported more than one attack of wheezing, cough, or breathlessness within the last year, and current nasal symptoms if they reported more than one attack of rhinorrhoea, nasal blockage, or sneezing within the last year. Symptoms were considered to be occupationally related if they deteriorated at work and improved away from work, at weekends, and during holidays. Five species of storage mite were used in this studyGlycyphagus destructor, Glycyphagus domesticus, Acarus siro, Acarus farris, and Tyrophagus putrescentiae.
One per cent extracts were prepared in glyceryl saline (50% aqueous glycerol, 6% NaCl, 05% phenol) by tumble mixing 1 g of mites with 100 ml glyceryl saline for 48 hours at 4°C. This mixture was then centrifuged, and the supernatant passed through a 0-22 im millipore filter. Extracts were stored at 40C and used within three weeks of preparation. All extracts were coded and administered double blind.
TOTAL AND SPECIFIC IgE
Blood was taken from 89 subjects; 12 refused venepuncture. Serum was not available for four subjects, so there were 85 samples for measurement of total and specific IgE.
Total IgE was measured with a Phadebas PRIST kit (Pharmacia, Uppsala, Sweden).
Extracts for measurement of mite specific IgE were prepared by mixing 250 jg of mites or storage mite culture medium overnight with 10 ml phosphate buffered saline (PBS) at room temperature. Extracts were centrifuged at 48 000 g for 30 minutes; the supernatant was dialysed against I litre of PBS overnight at 4°C and then stored at -20°C. For D pteronyssinus specific IgE a commercial extract of D pteronyssinus (I 2% w/v; Bencard, Brentford) was used.
Cyanogen bromide was used to activate paper discs according to the method of Ceska," with 5 ml of mite extract/600 mg of activated disc. Allergen specific IgE was determined by incubating 200 pl of 1: 4 dilution of test serum with allergen coated discs for 18 hours at room temperature. After washing, bound IgE was detected by further overnight incubation at room temperature with 50 jl of anti-human IgE labelled with iodine-125 (Pharmacia, Uppsala, Sweden). After removal ofunbound '251 the 1251 bound to the discs was measured with a LKB rackgamma II counter. All assays were performed in duplicate and the results expressed as mean percentage counts of 1251 bound to the disc.
Human fetal cord serum was used as a negative control and was included in each assay run and with each allergen disc type. The mean (SD) percentage binding for cord serum was 035% (0 12%) (n = 63). mite species (r = 0 39 -0 57, p < 0-001). Skinprick test responses to D pteronyssinus were also correlated significantly with specific IgE (r = 0-634, p < 0-001). IgE specific for wheatgerm mite growth medium was measured in the serum of 25 subjects who had IgE specific for storage mite mix, 10 of whom had workrelated respiratory or nasal symptoms and 15 ofwhom did not. Wheatgerm specific IgE was not associated with work related symptoms, being found in five of the 10 subjects with symptoms and in seven of the 15 with no symptoms (X 2 = 0-06, p > 0-9). IgE specific for storage mites and wheatgerm was measured in 10 subjects with work related symptoms and eight of these showed over 1% RAST binding to storage mites, whereas only two showed over 1% RAST binding to wheatgerm.
There was a weak but significant correlation between total IgE and IgE specific for storage mite mix.
RELATION BETWEEN SYMPTOMS AND IMMUNOLOGICAL FINDINGS
Of the 23 farmworkers with nasal or respiratory symptoms after grain exposure, 52% had a positive skin test response to one or more storage mites and 48% a positive response to D pteronyssinus. Of those without such symptoms, 25% had a positive skin test response to storage mites and 22% a positive response to D pteronyssinus (X 2 = 4-89 for storage mites, 6 18 for D pteronyssinus; p < 0 05) (tables 3 and 4).
Neither respiratory nor nasal work related symptoms were associated with a positive skin test response to grass pollen (X 2 = 1*79, p > 0-1), RAST binding to wheatgerm medium (X2 = 0-06, p > 0 9), or current cigarette smoking (X2 = 0-168, p > 0 5). Total IgE was significantly higher in atopic subjects with work related symptoms than in atopic subjects without such symptoms. The differences in total IgE between nonatopic subjects with and without work related symptoms were not, however, significant (fig 2) .
MITE CONTENT OF STORED GRAIN
The mite content of grain samples from 16 farms is shown in table 5. The moisture content was always over 15%. All samples contained some storage mites; no D pteronyssinus were found in any. 
Discus.o Dussion
There was a significant association between respiratory symptoms after grain dust exposure and storage mite specific IgE in the 101 Essex farmworkers who took part in this study. All the farmworkers had been exposed to stored grain, and the grain that they handled contained storage mites. The storage mites may therefore be responsible for symptoms described by these farmworkers after exposure to stored grain. Storage mite allergy has also been documented in Finnish,"3 Swedish,5 and Canadian'4 farmworkers exposed to grain, and also in Scottish farmworkers whose hay may become contaminated with storage mites.4 Previous studies of respiratory symptoms in farmworkers in Britain have been concerned with farmer's lung5 16 or with symptoms occurring during the grain harvest.2 The prevalence of farmer's lung is known to be low in East Anglia'6 and only one subject in the present survey reported a history of farmer's lung.
The association between work related symptoms and positive skin test responses and storage mite specific IgE could possibly be explained by a common association of the two with a third environmental factor. Previous reports have suggested that either grain dust itself or moulds contaminating grain may cause allergic symptoms in farmworkers. The present survey does not exclude the possibility that mould spores might have contributed to symptoms in these farmworkers. There was no relation, however, in this study between work related symptoms and positive skin test responses to Aspergillus fumigatus. A comprehensi've evaluation of the role of mould spores in the pathogenesis of respiratory symptoms in these farmworkers would require a detailed environmental survey of each farm, which was beyond the resources of this study. Our study provides no evidence that grain itself was responsible for symptoms in these farmworkers. There was no association between wheatgerm specific IgE and work related symptoms and RAST binding was stronger for storage mites than for wheatgerm in subjects who had symptoms.
An allergic response to storage mites has not been found in other workers handling stored grain. Several surveys ofgrain elevator workers in the United States and Canada have found a high prevalence of respiratory symptoms in grain workers and an association between symptoms and cigarette smoking,67 but no increased prevalence of atopy or positive skin test responses to storage mites.
The differences between the results of the present study and the North American studies may reflect differences in the contaminants of English and American grain. The moisture content found in the grain stored on the farms that we surveyed was always greater than 15% whereas North American grain is 702 likely to be considerably drier, and this will discourage the growth of storage mites.'7 Indeed, storage mite allergy has not been found in any of the American surveys that have looked for it.
In the present study a positive skin test response or RAST binding to D pteronyssinus was associated with symptoms due to grain dust exposure, even though no D pteronyssinus were found in the stored grain. This may result from some allergen cross reactivity between D pteronyssinus and storage mites, though the extent to which this might occur is unknown. Significant correlations between storage mites and D pteronyssinus for both skin test weal areas and RAST binding have been found in epidemiological surveys (including the present study) but limited immunological studies have not so far shown extensive cross allergenicity.'8 9 An alternative explanation for the relation between D pteronyssinus and work related symptoms could be that the atopic state predisposes to the development of storage mite specific IgE, and therefore to symptoms developing on exposure to stored grain. The present study cannot distinguish between these possibilities.
Total IgE levels were greater in atopic farmworkers with work related symptoms than in atopic farmworkers without symptoms or in symptomless atopic and non-atopic farmworkers. There was also a weak but significant correlation between IgE specific for storage mites and D pteronyssinus and total IgE. The association between symptoms and skin test responses and IgE specific for both D pteronyssinus and storage mites may therefore result from non-specific binding in subjects with a high total IgE level. This is unlikely because of the weakness of the correlation between total and specific IgE.
Our results suggest that storage mite allergy is responsible for some at least of the work related respiratory and nasal symptoms in East Anglian farmworkers handling stored grain. Grain itself or mould spores contaminating grain could be responsible for symptoms in some individuals; but the lack of relation between work related symptoms and wheatgerm specific IgE suggests that grain is unlikely to be a major allergen, and the lack of symptoms during the harvest in these workers argues against a major role for mould spores. Our findings suggest that attempts to reduce the storage mite population in stored grain may reduce the prevalence of respiratory symptoms in workers exposed to grain grown in the United Kingdom.
